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Objectives
Studies identifying national occupational health (OH) research priorities have been conducted in several countries to establish where OH research should be focused and where funding should be targeted. However, the UK findings are now over 20 years old and OH practice is continuously evolving. The aim of this study was to identify current research priorities for UK occupational physicians (OPs) and occupational health researchers (OHRs).
Methods
Current research priorities in OH were identified using a modified Delphi technique. This was conducted in two Rounds to achieve consensus. Research priorities were rated and then ranked using questionnaires developed from expert panel discussions, key research topics identified from the medical literature and participant feedback. Overall and inter-group comparisons were completed for the ranking scores.
Results
Consensus among OPs and OHRs was high with almost all (9/10) primary domains (PDs) rated as 'very important' or 'absolutely necessary' by more than 54% of respondents. The research priority areas ranked highest were jointly economic evaluation/cost effectiveness studies and disability management followed by occupational disease/injury/illness.
Occupational health policy, was ranked lowest after sickness absence management and health promotion. The secondary domain (SD) analysis identified priority emphasis on mental health and psychosocial hazards within the workplace and the need to further develop evidence-based guidance for clinical OH practice.
Conclusions
We identified the current research priorities for UK OPs and OHRs. The findings will inform future national OH research strategy and support research that addresses important knowledge gaps within OH and other inter-disciplinary specialties.
'WHAT THIS PAPER ADDS'
What is already known about this subject?
 Studies identifying national occupational health (OH) research priorities have been conducted in several countries. However, the UK findings are now over 20 years old.
What are the new findings?
 This study has identified current research priorities for UK OPs and OH researchers with demonstrated differences from those previously identified, a likely reflection of evolving OH practice.
 'Economic evaluation/cost effectiveness studies' and 'disability management' were jointly the top research priority, with emphasis on work related mental health and psychosocial factors on analysis of the more specific secondary domains.
How might this impact on policy or clinical practice in the foreseeable future?
 These findings can inform the future direction of national OH research strategy and establish where current OH research and funding ought to be targeted.
INTRODUCTION
Research plays a pivotal role in progressing the evidence-base for clinical practice in many specialties, including occupational health (OH). An increasingly multi-disciplinary specialty, OH has been evolving in recent decades with technological advances and changes in work practices/patterns, customer/workforce needs and working population demographics.
Consequently, a shift of interest has occurred with a changing focus on health conditions associated with technological advances and the changing workplace, including biopsychosocial factors 1 . In contrast to historical focus on reduction of traditional occupational diseases, the health benefit of 'good' work' is now recognised 2 with an increased emphasis on promoting health, well-being and improving retention and functioning of people at work 3 .
Increasingly, healthcare practitioners, researchers and policymakers are recognising the importance of the workplace as a forum for influencing health behaviours, of work as a clinical outcome and worklessness as a public health issue 2 3 .
This paradigm shift has presented fresh challenges and changing priorities in OH, including research. OH research funding is scarce and sponsors expect demonstrated value for money and impact from the resources provided.
National OH research priorities have previously been established in numerous countries 4 including the USA 5 6 , Netherlands 14 15 . European studies have also been undertaken 16 , more recently to inform a European research agenda 17 as well as a global study 18 . Identified priorities have focussed on cost-benefit studies 7 16 , workplace injuries 9 13 , occupational carcinogenesis 9 , psychosocial hazards 13 and changing work patterns/workforce 10 17 . In earlier UK studies, musculoskeletal disorders were the highest priority among OH clinicians 14 with musculoskeletal disorders and stress, top in a study of personnel managers 15 . As these studies highlight [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , national priorities vary between countries 4-18 given differences in economic development, socio-cultural backgrounds, health & safety regulation and work/workforce demographics. In the UK work/workforce demographics and regulatory/legislative requirements have changed in recent decades. Understanding current national research priorities is essential to target funding and ensure research is relevant and impactful on an academic, policy and practical level.
The importance of these studies is evident from the impact they had within their countries 19 .
After occupational carcinogenesis was assigned top priority in the Italian study (2001), the Italian Health Ministry prioritised research funding on this subject, allocating 33% of the budget to this topic 19 . Similar outcomes have been described from the European and U.S. studies 19 .
Following the UK study 14 (1994) , the British Occupational Health Research Fund assigned a large proportion of its budget to the highest priority in that study i.e. musculoskeletal disorders and rehabilitation techniques 19 . However, the UK findings 14 are now over 20 years old.
Achieving consensus on current research priorities will inform the future direction of national OH research strategy, support and encourage research that addresses important knowledge gaps, and identify where to target funding. This study's aim is to establish the research priorities of UK occupational physicians (OPs) and occupational health researchers (OHRs), using a modified Delphi technique.
METHODS
Step 1 4 20 in this study.
Our modified Delphi technique, 22 23 is described in Figure 1 .
Series of expert panel (OPs and OHRs from RSWG) discussions alongside a review of the medical literature were undertaken to identify current and emerging OH research topics. This strategy and the findings informed the development of the questionnaire. Primary domains (PDs) covering broad research fields were established and within each of these, secondary domains (SDs) describing more specific items ( Figure 1 ). The study was conducted in two Rounds, Round 1-'rating' and Round 2 -'ranking'. The 'ranking' round defines the top research priorities.
In addition to the UK FOM, contacts were established with the UK Society of Occupational Medicine (SOM) and key members of UK Academic OH institutions. These groups agreed to participate and disseminate the questionnaire among their respective memberships/departments. It was recognised that there are a number of physicians and researchers working in the field of OH that are not necessarily affiliated with a specialtyspecific body or OH academic institution. Furthermore, the key role of e-newsletters and professional networking media in distributing the questionnaire nationally became apparent.
Therefore, we elected to distribute through this method as well as conventional OH organisations/academic institutions membership lists. This facilitated a wider distribution and broader range of responses, although did not allow for establishing a response rate. Links to the questionnaires and information sheet were circulated via electronic mail and e-newsletters using an online survey programme (SMART survey TM ). Both questionnaires were piloted by eight senior OPs and OHRs, for language, comprehension and ease of use and changes made accordingly. After reading the information sheet, participants were asked to provide their informed (online) consent to proceed with questionnaire completion.
Step 2 -Round 1 'Rating' Questionnaire
The questionnaire included 10 PDs covering an extensive range of OH research and practice areas and within these, the SD items ranged from four to thirteen. Following the pilot phase, the Round 1 (rating) questionnaire was circulated and respondents were asked to 'rate' the relative importance of the research topics on a scale of 1 (=of least importance) to 5
(=absolutely necessary) 23 . Using a free text question at the end of each PD, respondents could add items they considered important, and not already covered. The 'rating' step results determine how many rounds are required to establish consensus to proceed to the final ranking round. In this study the number of rounds was not set a priori. However, as established from multiple previous studies, when applying a modified version, two Delphi rounds are often adequate to establish consensus on the key priorities 8 11 17 22 23 .
Step 3 This ranking questionnaire was sent to the same key contacts of Round 1 for distribution to their networks. OPs and OHRs could participate even if they had not taken part in Round 1.
Respondents were now requested to 'rank' PDs and respective SDs. The item considered most important was ranked 1, next most important 2 and so on. In any given domain, it was not permitted to give 2 items the same score.
Average mean rank scores were obtained for each PD and SD. In view of the wide range of SDs per PD, mean scores were standardised to a 1-10 scale, to allow direct comparison of the relative importance of SDs across PDs and overall.
Respondents were asked to self-select whether they were -OP (if they were a medical practitioner and undertaking clinical OH practice), OP & OHR (if in addition to the above, they had an academic role) and OHR (if they were non-medical and involved in OH research).
Current OH practice areas comprised work in healthcare settings, for example hospitals (healthcare), public/private sector organisations (industry), participation in teaching or research (academic) or any work sector not covered by these (other). More than one category could be selected for sector. Inter-group (age, sex, years of experience, country) comparisons of the group ranking were performed using the Spearman's rank test.
Concerns around the so-called 'practitioner-researcher divide' 24 and 'research-practice gaps' 25 within OH and safety have been reported 26 . These focus on the degree to which researchers address questions of primary importance to them (rather than practitioner-based research) 27 , the perception that academic research findings rarely transfer into practice or policy changes 24 25 , and questioning the value practitioners place on research 27 . However, it has been proposed that if published research is seen as relevant and useful, there is a higher likelihood practitioners will read it and the findings will influence their practice 27 .
Informal feedback at the inception of this study indicated a perception among some OPs, that research ideas are primarily generated and led by academics. Despite being at the 'coal-face'
of OH practice, often with first-hand exposure to gaps in the knowledge base and being expected to translate the evidence into practice, they perceived less of an influence on research studies. Therefore, this study was inclusive of academics and all practising OPs. The participation sheet acknowledged that at first glance, the questions may not seem relevant to OP respondents. However, we highlighted that their responses could be for their research priorities in general but also specific research topics or studies they might find informative for their own day-to-day practice.
The first 'rating' round was completed September-November 2016 and the second 'ranking'
round February-June 2017. Approximately, one month after distributing both questionnaires, two reminder emails were sent to increase response rates. The data was analysed using R. 
RESULTS
Round 1-Rating
252 responses to the first questionnaire were received. The demographic distribution of responses is presented in Table 1 . 
Mean ± SD (min-max) n=155
21.8 ± 10.5 (1-50) a Response rate cannot be calculated as denominator data was not available due to survey dissemination and participant recruitment method used (See Methods section) *OP: occupational physician **OHR: occupational health researcher ***Note that total answers for country amount to 205 due to individuals working across more than one country
Responses were received from all four UK countries with some individuals working across more than one country. The majority of respondents were male (62.6%), aged 45-64 (66.2 %) and OPs (73.4%).
For the physician groups (OP,OP & OHR), who were able to select more than one area of clinical practice, the main areas reported were other (75%) and healthcare (75%) followed by industry (59.5%). The results of the 'rating' round are presented in Table 2 . healthcare (occupational health policy). These findings highlight developing areas not described in most previous studies notably; the OT role in vocational rehabilitation, the evidence around workplace adjustments, and management style and quality on return-to-work outcomes.
Round 2 -Ranking
196 responses to Round 2 were received (Table 1) . Responses were received from all four UK countries; with some overlap evident. The majority of respondents were male (58.7%), aged 45-64 (67.5%) and OPs (68.6%). For the physician groups (OP, OP & OHR), who were able to select more than one area of clinical practice, the main area reported was other (79.6%), followed by healthcare (79.1%) and industry (58.7%).
Subgroup analyses by age, gender and years of experience using the Spearmans rank test identified that the rankings were not statistically different at the 99% confidence level for these demographic categories. Using the same correlation test, we tested for regional differences between countries in the ranking of the PDs. Where sample size allowed for analysis, no statistically significant differences were seen by country.
Comparing respondents of the first and second Rounds, no significant differences in the distributions of gender (Fisher exact test p=0.62), age group (p=0.26), job practice (p=0.34), country (p=0.25), years of experience (independent t-test, t -value = -1.47, p=0.14) were identified.
The final Round 2 'ranking' results define the top research priorities ( Table 3 ). The standardised mean score reports the consensus of priority, with low scores indicating high priority and high scores indicating low priority. In this round, economic evaluation/cost-effectiveness studies and disability management were jointly ranked most important, followed by occupational disease/injury/illness. Occupational health policy was ranked lowest after sickness absence management and health promotion. evidence-based guidelines and effectiveness of interventions are key priority themes.
Separately, in both rounds, respondents were asked to select research areas they are currently or have recently been involved in from the PD categories. This would allow comparison between key areas in which UK research is currently being undertaken and our research priorities findings. The most commonly cited current research areas were occupational disease/injury/illness, followed by occupational hazards to health and risk assessment and then sickness absence management.
DISCUSSION
Summary of findings
This study identified current research priorities for UK OPs and OHRs. Economic evaluation/cost-effectiveness studies and disability management were identified jointly as the top research priority followed by occupational disease/injury/illness.
These findings reflect the paradigm shift in OH, and the management of disability as a key function of modern OH practice. Undoubtedly, the introduction of UK disability discrimination legislation in 1995 28 29 is an important contributing factor. This places an onus on employers to consider reasonable workplace adjustments to assist disabled employees. Although ultimately a legal decision, OPs are routinely consulted by employers for their opinions on applicability and potential workplace adjustments.
The joint more 'value-for-money', service-based priority could reflect the high proportion of . Its importance is also described as a means of ensuring that already scarce OH resources are utilised effectively and of developing an evidence-base for service standards and accreditation 33 . A 1999 OH services evaluation research review identified that most published studies were lacking in methodological quality, being predominantly descriptive rather than evaluative 34 .
Recent publications 31 35 highlight this as a persisting problem and appeal to the OH research community for high quality evaluation studies to strengthen the value proposition for OH services 36 .
Occupational health policy was the lowest ranked PD. Sickness absence management as second lowest may reflect perceptions among OPs of this being fundamentally a human resources function with OH providing medical input or also an area in which, there is already an abundance of established research.
Analysis of the highest ranked SDs showed a priority emphasis on mental health and psychosocial hazards, featuring top in two PDs. This supports the changing landscape, of mental ill-health, (including work-related mental ill-health) as a prominent disease of current times 37 . Musculoskeletal issues are absent among top priorities, although this was the highest priority in the previous UK study 20 years ago 14 . The overarching theme of a need/requirement for an increase in evidence-based guidance for clinical OH practice was also identified.
highlighted disparities between areas in which research is currently being undertaken (occupational disease/injury/illness, occupational hazards to health and risk assessment and sickness absence management) and areas where current priorities were identified (economic evaluation/cost-effectiveness studies and disability management). This may reflect emphasis on 'higher profile' aetiological and intervention studies within the OH research agenda 33 ; publication bias; or related to research funding schemes, the criteria they apply and specific study types awarded grants. In the UK a limited number of organisations fund OH research. 
Strengths and limitations
The research priorities are derived from both UK OPs and non-medical OH researchers, which is novel compared to the previous UK study 14 (that only included OPs) and other similar studies which included only one of these groups 17 .
Restricting it to OPs limits the perspective to predominantly a clinical one. Conversely, researcher-only studies have a tendency to promote their own research activities as priorities, which is also a limiting factor 17 . Therefore, this mixed approach facilitated a broader scope of consensus. Furthermore, the priorities in this study are derived from the opinions and experience of OPs working across the UK and different employment sectors and from other published similar studies.
The lower response rate to the second round could be considered a study weakness.
However, challenges of maintaining response rates in successive iterations during the Delphi process are recognised 21 . Survey fatigue among OPs may have contributed due to other specialty-related surveys disseminated during this period, which we could neither predict nor control.
Underrepresentation of some UK countries particularly Northern Ireland and Wales is evident, potentially limiting the breadth of comparisons. This could reflect smaller OP and OHR populations in these countries. Our study identified that a number of OPs work across multiple countries and assessing priorities in the context of regional variations should account for this important factor.
Due to the survey dissemination and participant recruitment method used estimating a response rate was not possible. This approach however, has enabled our survey to reach the wider UK OP and OHR community, facilitating a more broadly representative and diverse range of responses.
Comparison with previous studies Direct comparison of priority areas established in previous studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , particularly from other countries is difficult, for the reasons described above, which inherently will result in contrasting priorities. There is also substantial variation by methodology and classification of priority topics, some with highly specific and others with broader topics. Although the categorisation and level of detail are different, the top priority is clearly identifiable. Our highest ranking domain is consistent with results from The Netherlands 7 and the earlier European study 16 where cost-benefit studies were top priorities; but findings differ from similar Italian 8 9 , Malaysian 11 , Japanese 10 and the recent European 17 studies where health surveillance/work organisation, workplace injuries, occupational carcinogenesis, specific occupational groups/industries and changing work patterns/workforce were top priorities. The difference in our findings from the previous UK study 14 ( where musculoskeletal disorders were the highest priority) likely reflect modern, evolving OH practice. Key features within this, supported by our results, are the increasing mental health epidemic 37 and increasing emphasis on psychosocial workplace hazards 40 , which correlates with the Australian findings 13 .
CONCLUSION
This study has demonstrated differences from UK research priorities identified 20 years ago, a likely reflection of evolving OH practice and related legislation. A recent editorial on the future of occupational medicine 30 highlighted the need for a national and/or international research strategy. Our findings provide stakeholders with the necessary information for the development of the future UK OH research strategy and can inform international priorities in OH research. Key next steps are identifying the relevant research questions within these perceived priority areas and identifying resources for implementing the research. Ranked primary domains by weighted standardised rank score. Bubble graph demonstrates the variation in ranks given by the survey participants with the size of the bubble indicating the percentage of respondents within each PD that gave it a specific rank. X-axis in order from most highly ranked PD to lowest rank.
